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Introduction
Self-assembling peptide amphiphiles represent a promising minimalistic approach for the formation of dynamic materials with tuneable properties and potential applications in biomedicine and nano/biotechnology. 1 There are now many examples of dipeptides protected at their N-terminus with a variety of aromatic groups, 2 most commonly the Fmoc (9-fluorenylmethyloxycarbonyl) moiety (Scheme 1) (as well as other aromatic ligands). 3 A number of these Fmoc-peptides form nanostructures through a combination of aromatic stacking and H-bonding interactions. [2] [3] [4] It is now clear that a variety of nanoscale structures may be obtained depending on the chemical nature of the building blocks used. Despite progress, [2] [3] fundamental understanding of the relationships between molecular structure and self-assembly configuration is still in its infancy. The dipeptide sequence has been shown to have important effects on the nanostructure shape even for small variations in the amino acid side chain. 5 The modification of the C-terminus has also previously been shown to have an influence on the selfassembled structures formed. 2 In particular, Ryan et al. demonstrated an enhanced self-assembly propensity for fluorinated Fmoc-phenylalanine (Fmoc-F) with an amidated Cterminus compared to the free acid terminated version. 6 The relative importance of the supramolecular interactions (e.g., -stacking versus H-bonding) which give rise to various structures formed (e.g., fibres, spheres, sheets) 2 are evident, but the underlying changes in supramolecular interactions are not well understood. Thus, for a more rational approach to the design of aromatic peptide amphiphiles for specific applications it is imperative that an understanding of the exact impact of different chemical groups on intermolecular interactions in the nanostructure is obtained. Therefore, the supramolecular arrangements in Fmoc-dipeptide nanostructures should ideally be understood with atomistic detail. Typically, combinations of spectroscopic techniques have been used to elucidate the role of the different interactions in the nanostructure formation, but they do not give direct information of the groups involved or their conformations. 7 Furthermore, although X-ray diffraction techniques can provide structural information, it is still not clear if the results obtained in the dried sample are comparable with systems that are usually 95-99 wt% of water. 8 All-atom molecular dynamics (MD) simulations have been applied for the study of different supramolecular systems to gain understanding of the intermolecular arrangements and mechanisms of formation of the nanostructures. 9 In some of these cases, the relative stability of all possible arrangements were compared using small systems of 4 to 8 molecules and short simulations of around 15 25 ns. 9a-d However, one could expect the results obtained to be influenced by the limited size of the systems studied as the objects formed are typically com in a 20 nm width, 1 micron length fibre). While these sizes are unfeasible using currently available computational approaches, it is clear that the system should contain at least sufficient molecules to approach a short section of a complete fibre. Upon simulating larger systems, the computational costs increases and not all conformations can be tested. Hence a starting structure is required, which is usually proposed on the basis of experimental studies and subsequently tested for stability over time. Several different models have been proposed for Fmocdipeptide nanostructures based on experimental observations. Smith et al. presented an early model for Fmoc-FF-OH that was informed by spectroscopy, x-ray diffraction and high-resolution electron microscopy data. In that paper it was proposed that nanostructures were formed by antiparallel H-bonded peptide stacks interlocked in a zipper-like fashion -stacking interactions involving both the fluorenyl groups and the F side chains. 10 The interlocked stacks resulted in elliptical, chiral fibres which were in qualitative agreement with spectroscopic characterization results, although interpretation of the FT-IR results as antiparallel beta sheets has since been shown not to be diagnostic of an antiparallel arrangement. 11 Similar H--stacking interactions were used to show the formation of 2D nanostructures from Fmoc-serine-phenylalanine-methyl ester (Fmoc-SF-OMe). 4c, 12 However, to date MD simulations have not been able to demonstrate the stability of these arrangements. Mu et al. composed a side by side study of a number different supramolecular starting points for Fmoc-di-alanine (Fmoc-AA), using arrangements with the Fmoc group in different dispositions but always placed in the core of the fibre. 9e The models suggest that Fmoc-AA-OH nanostructures are mainly the result of the hydrophobic effect that positions the fluorenyl groups in the core of the fibres, in parallel stacks, where they can es -stacking interactions and expose the more hydrophilic part of the molecule (typically the N-terminal carboxylic acid) to the solvent. 9e MD simulations were used to demonstrate the stability of these arrangements; however the resulting structures did not contain H-bonding interactions, which is not consistent with the FT-IR data or the supramolecular ellipticity observed using circular dichroism (CD). In addition, Eckes et al. replaced the amide group between the two alanines to show that the system can still self-assemble into nanostructures, suggesting that amide H-bonding is not critical for these nanostructures to form. 9f The relative contributions of non-covalent interactions acting cooperatively determine the thermodynamic tendency of an Fmoc-peptide to self-assemble. However, it is known that many supramolecular gels do not represent a thermodynamic equilibrium state and are instead kinetically trapped in local minima. 8a, 13 Often there are kinetic effects which can lead to structures that differ from the thermodynamically favoured one, giving rise to metastable gel polymorphs (which represent local minima). 14 Therefore, in order to elucidate molecular level insights that are of relevance to thermodynamic modelling, it is important to control the self-assembly process to ensure the formation of the thermodynamically favoured nanostructure, which can be reproducibly accessed. In this work we study four closely related Fmoc-dipeptides that form nanostructures: Fmoc-TF-NH2, Fmoc-TF-OMe, Fmoc-TL-NH2 and Fmoc-TL-OMe (Fig. 1b) . These are formed enzymatically in situ by the condensation of the two precursors ( Fig. 1a) : Fmoc-T (A) and Bi (F-NH2, F-OMe, L-NH2 and L-OMe); 5a, 15 the enzymatic self-assembly ensures the thermodynamic control of the self-assembly process and allows for direct comparison of their thermodynamic stability using a dynamic library approach 7d, 15b, 16 . The four molecules have the Fmoc group and the first amino acid (T) in common, and the variations are the phenylalanine/leucine substitution (F/L) and the Cterminus substitution (amidated, NH2/methyl ester, OMe). F and L differ in the aromaticity of the former and in its higher hydrophobicity (logP=1.25) compared with L (logP=0.91). 17 The experimental information of the supramolecular interactions (obtained from FT-IR, fluorescence and CD) and shape (TEM) is then used to build two atomistic models of Fmoc-TF-NH2 fibres. These models are compared using MD simulations and the analysis of the interactions through the simulations is subsequently correlated with the experimental data in order to determine which model fits better with the actual molecular arrangement in the nanostructures. The final model is then able to accurately describe the experimental observed formation of intertwined fibres forming nanoscale twisted structures for Fmoc-TF-NH2.
Results and discussion

Experimental results
In order to establish the relative self-assembly propensities of four related Fmoc-dipeptides, they were compared side-by-side and in direct competition using biocatalytic self-assembly to ensure assembly was fully reversible (under thermodynamic control). 15b The Fmoc-dipeptide nanostructures were first formed separately by in situ condensation of Fmoc-T with F-NH2, F-OMe, L-NH2 or L-OMe to form Fmoc-TF-NH2, Fmoc-TFOMe, Fmoc-TL-NH2 or Fmoc-TL-OMe, respectively. The yields of the Fmoc-dipeptide formation in the isolated systems are ~81%, ~90%, 42% and 77%, respectively (Fig. S1 ). The macroscopic appearance of the gels after 6h (at which the yields are: ~79%, ~88%, 36% and 80%, respectively, Fig. S1 ) differ in their level of transparency (Fig. 1b insets) , which is due to the entanglement of the structures resulting in different light scattering. 18 We note that the yields of each isolated system are slightly different at 6h relative to the yields after 48h. Thus, while the systems are largely equilibrated after 6 h, there remains some variation (small increases or decreases in total yields) over a longer time period due to kinetic effects such as nucleation, which can retard the equilibration process. Nonetheless, the macroscopic features of the gel are not altered during this latter equilibration phase. The cryo-TEM images (Fig. 1b) show that the four systems are similarly structured at the nanoscale, forming twisted fibres, for the four systems ( Fig. S3a and S3d), which suggest that the final ribbons might be formed by lateral aggregation of fibres. We note that the similarity between these structures provides an interesting starting point previous reports have focused on small changes in the peptide resulting in dramatic changes in nanostructures; 5a, 19 however, the current systems all four peptides give rise to closely related structures while their molecular structures vary in H-bonding (OMe/NH2) capability and aromatic stacking (F/L). The peptide condensation yields observed for the direct competition dynamic peptide library (DPL) experiment (Fig. 2a) provide the relative self-assembling tendency of the four Fmocdipeptides (as conceptually demonstrated previously) 15b, 16a : Fmoc-TF-NH2 (~70%), Fmoc-TF-OMe (~18%), Fmoc-TL-NH2 (~2%) and Fmoc-TL-OMe (~1%). The dramatic differences obtained in competition compared to the condensation yields in single peptide systems demonstrate that these differences are not a reflec or the individual stability of the gelators formed ( Fig. S4 ), but reflect the relative thermodynamic stability of the resulting nanostructures from the peptide amphiphiles. These results show Fmoc-TF-NH2 is formed in a yield that is four times higher than that of the second most stable product (Fmoc-TF-OMe). The preference for the TF dipeptides over TL indicates that the presence of the aromatic group is the main differentiating effect driving the self-assembly, which can be either due to the -stacking interactions, or, most likely, due to a combination of both effects. Fmoc-TL-NH2 and Fmoc-TL-OMe are formed in negligible amounts in the competition experiment. The secondary effect, which governs the relative ranking of the systems with the same peptide unit, is the presence of the amide group, which is likely to be due to the extra hydrogen bonds that this group is able to form upon self-assembly. Although the F containing molecules also show higher yields in the isolated systems, the DPL yields and their order differ to those obtained in the isolated systems, which suggests that the percentage yields obtained from the pure systems cannot always be used to assess the relatively stabilities of the nanostructures, as has been shown before. 5a To further verify the reversibility of the system, demonstrating that it is indeed possible to reversibly access thermodynamic minima, a sequential competitive experiment showed that Fmoc peptides (competition between Fmoc-TL-OMe and Fmoc-TL-NH2, where L-NH2 is added after 48 h) with better self-assembling propensity can be sequentially accessed (Fig. S5) i.e. it is Please do not adjust margins Please do not adjust margins possible to navigate the free energy landscape experimentally using the DPL approach.
Having established the relative stability of the four Fmocpeptides studied, we subsequently investigated their selfassembly propensities side-by-side. The Fmoc-peptides were produced enzymatically to ensure the structures formed can be reproducibly accessed and represent thermodynamically favourable structures. The FT-IR spectra in the region 1600-1800 cm -1 are analysed to study the H-bonding patterns of the amide region of the molecules. The presence of narrow and shifted amide and carbamate peaks in this region evidence the formation of ordered H-bonded stacks but does not provide information of specific arrangements. 11 All the systems show the peaks for the amide (1620-1650 cm -1 ) and the carbamate (1675-1690 cm -1 ) vibrations (Fig. 2b) , which demonstrate the presence of extended hydrogen bonding stacks. [10] [11] 20 Beyond distinction between carbamate and amide carbonyls, the results do not give a clear indication of which groups, or residues, are interacting through hydrogen bonds, but it is clear that there are differences in the stacks between the molecules with different C-termini. As can be expected, the OMe gelators give rise to an extra peak around 1745 cm -1 due to the vibration of the carbonyl in the terminal ester group (Fig. 2b grey and blue lines), but also the amide and carbamate peaks appear at higher frequencies for OMe containing molecules than for the amidated ones. The position of the OMe con peaks positions are consistent with previous work, which also mentioned the important role of the H-bonded stacks and the lack of influence of the inclusion of the aromatic side chain in these stacks. 5a, 19b The amide peak for the terminally amidated Fmoc-dipeptides appears around 1630 cm -1 and around 1640 cm -1 for the methyl ester molecules; while the carbamate peak is observed around 1682 cm -1 for the NH2 and around 1687 cm -1 for the OMe. This shift to lower frequencies indicates a more effective coupling of the carbonyl vibrations in the amidated Fmoc-dipeptides. The better coupling in the NH2 containing nanostructures suggests that vibration of this terminal group is closer in frequency to the other carbonyl containing vibrations. A more ordered stack due to the extra H-bonding donor could also explain the better coupling. Most likely a combination of both effects plays a role here. Therefore, the differences in the FT-IR, and hence, in the H-bonds cannot explain the preference observed in the DPL for F containing molecules, but can explain the secondary preference, the higher stability of the nanostructures formed by amidated Fmoc-dipeptides. The FT-IR spectra obtained from gels containing L (Fig. 2b red and blue lines) show broadened peaks compared to the F peptides that appear as double peaks: the amide vibration peak of the Fmoc-TL-NH2 (red) and the carbamate and methyl ester group vibrations of the Fmoc-TL-OMe (blue). These peaks were shown to be due to kinetically trapped states in a time course experiment using Fmoc-TL-OMe (Fig. S6) . In this experiment these peaks did not appear upon slow enzymatic controlled formation of the gel, but they appeared upon disruption and quick reformation of the gel, which suggests such structures represent kinetic products.
The fluorenyl group does not contain a stereo centre, and hence the CD signal shown in the fluorenyl absorption region (250 310 nm, Fig. S8 ) is due to the supramolecular ellipticity originating from the formation of a chiral nanostructure (Fig.  2c) , as previously described and demonstrated by the appearance of chiral structures in TEM. 7b-d, 21 The CD spectra of the four systems show a degree of supramolecular ellipticity which is more intense in the systems with a methyl ester Cterminus. This dependence on the C-terminus substitution, suggests a correlation between the hydrogen bonds and ellipticity of the structure. The positive CD signal that is observed between 250 and 275 nm for the Fmoc-TF-NH2 is due to the phenylalanine. This signal is masked in the case of the other F containing molecule, Fmoc-TF-OMe, due to the strong supramolecular ellipticity of the Fmoc group which appears in the same region. The fluorescenc max red shift has been previously related to th -stacking interactions, with a red-shift in emission typically associated with enhanced stacking. 5a, 7a, 10, 19b, 20, 22 In our study, to address and compare the red shift in the four gels we use the Fmoc-T precursor solution, which appears at 317.5 nm, as reference (Fig. 2d) . It can be seen that the maximum red shift is shown by Fmoc-TF-OMe, 8nm, and the second, by Fmoc-TF-NH2, 7.5 nm. The red shift for Fmoc-TLOMe and Fmoc-TL-NH2 is clearly lower, 3 nm and 2.5 nm, respectively. This observation suggests that the presence of F strengthens the Fmoc F -stacking, or introduces extra F Fmoc interactions, which is consistent with previous studies. 5a, 19b The second structural feature which shows an effect on the -stacking is the presence of the OMe C-terminus. Although this effect is small (0.5 nm), it is consistent in the systems and opposite to the effect of the higher hydrophobicity of the environment compared to the amidated Fmoc-dipeptides. The fluorenyl emission spectra show additional peaks that are commonly used to assess changes in the supramolecular structure, which are the peaks at 365 nm and at 450 nm. The first peak is due to the fluorescence of the excimer and the latter one has been associated with phosphorescence of the excimer in fluorenyl derivatives 22 and has been correlated with formation of extended fibrils thought to involve formation of stacked Fmoc-aggregates. 2, 10 Structurally, the presence of the 365 nm peak is attributed to the presence of parallel Fmoc arrangements in micellar aggregates, 5a, 10, 19b, 20b which is supported in this study by the presence of this peak for Fmoc-T (Fig. 2d black) . Although the gels also show some emission on this area (especially Fmoc-TL-OMe, Fig. 2d blue) , this is likely due to the fact that the conversion of this system reaches only ~70%, and hence, there is still a substantial amount of free Fmoc-T molecules which remains as micellar aggregates. The fluorescence results can provide insight into the preference, observed in the DPL experiments, for TF-containing molecules over TL peptides to self-assemble. That is, the -stacking interactions between the Fmoc moieties is a key component in stabilizing these systems. However, fluorescence results cannot explain the secondary preference for amidated molecules, but the FT-IR shows a clear difference between amidated and methyl ester molecules, Please do not adjust margins Please do not adjust margins which suggests that it is a more robust measure of the influence of the terminal group. Although the higher hydrophobicity of F is expected to influence its enhanced self-assembling tendency, the results show that in the C-terminus substitution the trends are opposite to the hydrophobicity increase. Hence, other intermolecular interactions play a significant role, where the improvement in -stacking is the main contributor governing the relative stability of the self-assembled structures. However, the hydrogen bonds are relevant as the extra amide hydrogen bonds compensate the small improvement that the -stacking interaction.
Computational results
Given the experimental information, which confirms the presence of H--stacking interactions and chiral organization of fluorenyl moieties two models were developed. As the atomistic models were built to try to maximize the interactions suggested experimentally, the molecules which showed the best self-assembling tendency (Fmoc-TF-NH2), and hence the most favourable interactions, was chosen for this process (Fig. 3a-b) . The models were built with an antiparallel arrangement, consistent with the model proposed by Smith et al. for the Fmoc-FF-OH system, 10 This was done because the parallel arrangements do not allow for the extended structures required to build fibres (Fig. S10a-b) . The type of antiparallel arrangement (Fig. S10d) was selected to allow the formation of a hydrophobic core containing the F side chains and a hydrophilic surface, with the T side chains (Fig. S12a and S13a) . Also, the hydrophobic core allows the F side chains to form interactions, which would help explain the observed F preference over L to self-assemble. The two models (Fig. 3c-d) differ in the H-bonds involved (Fig.  3e-f) , and it can be seen that these interactions impact on the ability to form extended stacks of fluorenyl groups: Model 1 shows the fluorenyl groups in dimers (Fig. 3c) while Model 2 forms extended fluorenyl stacks (Fig. 3d) . Model 2 shows a significant twisting of the fluorenyl groups which correlates to the observed ellipticity in the CD signal for this system. Moreover, this twisting results from the H-bonding arrangements in this model and as such directly correlates the H-bonding network to the ellipticity, which was observed experimentally. In comparison with previous models, Model 2 is the most similar to the model presented in 2008 by Smith et al. except for the interlocked phenyl groups in the stacks, which in the current models are situated in the core of the fibre. The two proposed fibre models were simulated for 150 ns in a water box surrounded by extra molecules (33 in Model 1 simulation and 60 in Model 2) to improve the stability of the fibres ( Fig. S12 and S13 ) and to reflect the dynamic nature of the self-assembled system. The size of the fibres, and hence the number of molecules forming each fibre, is delimited to connect both edges through the periodic simulation box (The fibre in Model 1 is composed of 27 molecules and of 60 in Model 2). The final simulation systems are composed of 60 molecules for Model 1 and by 120 for Model 2. Further details of the methods employed and the construction of the systems are included in the Supporting Information. T F F S10 and S11) qualitatively show that after 150 ns of the simulation Model 2 maintains the overall fibre shape while Model 1 does not. An analysis of the specific backbone H-bonds between the different residues (Fmoc, T and F) was carried out to quantitatively assess the relative stabilities of the two models and their specific interactions (Fig. 4b,d) . Both H-bonds graphs show that the number of interactions decreases substantially in the early stage of the simulations: in the first 25 ns the total number of H-bonds changes from ~0.25 H-bonds/molecule to ~0.1 and from ~0.45 H-bonds/molecule to ~0.2, for Model 1 and Model 2, respectively. This is due to the instability of the systems, which is in part due to the limited size of the systems. However, specific analysis of the H-bonds help to determine the relative stability of both models. After construction of the models, a temperature is introduced involving gradual heating from 0 to 298K, in order to bring the system to experimental conditions. Of the main backbone Hbonds in Model 1, Fmoc F (1.1 in Fig. 3 ) and T T (1.2), only the former persist through the heating step (see Methods Section in the ESI) and they do not persist as main interactions after 30 ns of the simulation (Fig. 4b) . After these 30 ns and for the rest of the simulation, the main backbone H-bonds that persist are Fmoc F, F F and T F, which match those in Model 2 (2.1, 2.2 and 2.3, respectively). In other words, as the Please do not adjust margins
Please do not adjust margins simulation progresses Model 1 starts to resemble the Hbonding patterning initially created for Model 2 implying that model 2 is more stable. In the case of Model 2, the graph shows that the loss of total H-bonds is mainly due to the reduction of F F H-bonds (2.2) , suggesting that the model overestimates these interactions. This is in agreement with the low influence of the internal amide group on the self-assembling tendency observed previously in Fmoc-AA-OH,. 9f Despite this observation, the main interactions in this model: Fmoc F (2.1), F F (2.2) and T F (2.3); maintain the same relative importance for the duration of the simulation and with much smaller fluctuations than observed in Model 1. Furthermore, after 75 ns, these interactions have significantly reduced fluctuations, suggesting that an equilibrated structure has been reached. This does not happen at any point in the Model 1 simulation. Therefore, taking into account that in the Model 1 simulation the H-bonds evolve to resemble those consistent with Model 2 H-bonds, and that in the Model 2 simulation the H-bonds show a higher stability, it can be concluded that Model 2 represents a more stable structure. Furthermore, this correlates with the experimental results that suggest an elliptical structure that is correlated with the H-bonding and with the influence of the amidated C-terminus in the H-bonding. Namely, only in Model 2 is the amidated C-terminus involved in forming additional Hbonds. The atomic detail provided by the model also provides clear insights into the structural role of the F side chains, the Cterminus and the positioning of chemical groups to ensure they are exposed at the surface of the nanostructures (Fig. 3d) . Although experimentally Fmoc-TF-NH2 has been observed to form fibres, it has also been observed to form twisted ribbons ( Fig. 5a-b) suggesting some lateral interactions between fibrils. Some cryo-TEM images suggest the formation of the ribbons by lateral aggregation of the fibres but it is not clear if the ribbons keep the fibre shapes or they evolve to a bilayer-like structure, as was suggested for previously studied Fmoc-dipeptide 2D Figure S14 and S15 of the ESI. Please do not adjust margins
Please do not adjust margins nanostructures. 4c, 12 To study this, both systems were considered, two-fibres (Fig. 5c ) and bilayer (Fig. 5e) , and their stabilities compared. The two-fibres system uses two Model 2 fibres and the bilayer system uses the same type of stacks, with the H-bonds that have been demonstrated to produce the most stable structures, and maximizing the packing of the aromatic groups.
The snapshots of the simulation show that the bilayer system (Fig. 5e) does not keep its shape through the simulation and the final snapshot shows fibre type structures. However, in the final structure of the two-fibres (Fig. 5c, 150 ns) both fibres are still clearly visible, demonstrating that this conformation is more stable. Furthermore, both fibres become twisted around each other, forming a structure that resembles those observed by TEM (Fig. 5a-b) .
Analysing the H-bonds, the higher stability of the two-fibres system, when compared to the one fibre system, is clear. While in the two-fibres system the predominant bonds are the same through the simulation (with the same reduction of importance of the F F H-bonds), the preferred H-bonds in the bilayer system are not clear and an additional interaction (Fmoc T) becomes as important as the starting three. This interaction also appears at the beginning of the two-fibres system but disappears again before 50 ns, after which point the simulation can be considered equilibrated. Further analysis (Fig. 6) shows that the two-fibres system takes more time than the bilayer system to have H-bonds between the backbones (Fig. 6c, e ) of different fibres/layers, further indicating that the starting structure for the two-fibres is more stable. For the bilayer system the interactions of the T-side chain with the other layer (Fig. 6f) indicates a lack of stability of the layers, as the T-side chains are initially orientated to face towards the opposite sides of the layer (Fig. 6b, red) and therefore a disruption of the structure is necessary to allow these interactions. This analysis (Fig. 6) shows that the lateral aggregation of the two fibres is mainly due to the H-bonds of the T-side chain (Fig. 6a, red) with the Fmoc moiety (Fmoc T(s)), probably with the ether oxygen of the carbamate, which is not involved in any Hbond in Model 2. In addition, the T-side chains form H-bonds with the F backbone and amidated C-terminus are involved in the lateral aggregation (F T(s)). Unexpectedly, the interactions between the T-side chains of the different fibres (T(s) T(s)) do not play an important role, probably due to the ellipticity of the fibres.
Conclusions
In conclusion, the DPL experiments have shown the higher tendency of F and amidated C-terminus containing Fmocdipeptides to self-assemble into nanostructures. This was found for molecules with similar nanostructures and hence the resulting preferences offered the opportunity to provide unique information into the subtle effect of these substitutions on the intermolecular level arrangements. The F preference is due to -stacking interactions (fluorescence) and the C-terminus preference, due to better H-bonding (FT-IR).
The ellipticity (CD) is correlated with the H-bonded stacks through the dependence on the C-terminus substitution. This demonstrates that, by using DPLs on closely related systems, more structural detail can be obtained and the role of the different interactions can be better understood than by independent characterization of the different molecules. Despite the lack of structural detail given by spectroscopy and electron microscopy experiments, different atomistic models can be built based on the interactions present and the observed preferences from the DPL experiments. The models can then be validated by assessing their relative stabilities using MD Please do not adjust margins
Please do not adjust margins simulations. The final model is consistent with the experimental results: a clear correlation between ellipticity and the formation of more H-bonds; a dependence on H-bonds involving the Cterminus; an improved self-assembling tendency for F relative L -stacked arrangements; and the preference for a model with extended Fmoc F -stacking. Furthermore, the model demonstrated its validity by reproducing the formation of a twisted fibre from two straight fibres. The analysis of these results demonstrated that the formation of this type of superstructures is due to the lateral aggregation of fibres which is due to the higher stability of the fibres in the twisted ribbon conformation. The analysis also showed that this lateral aggregation involves interactions between the T-side chain and the carbamate group of Fmoc, which was not expected to be involved in this process. Thus, the validated models and the analysis of their simulations provide detailed information of the structural role of the different chemical groups and moieties in the formation of nanostructures. In addition, the importance of the surface exposed groups of the nanostructure for the formation of higher levels of arrangement, twisted fibres (superstructures) has also been highlighted. This is a next step towards understanding the hierarchical self-assembly of peptide amphiphiles with atomistic resolution and the full understanding of the interactions involved, which is essential for the design of new peptide-based materials. It is likely that solid state nmr and high resolution cryo-TEM methodology will add further to elucidation of supramolecular nanostructures.
